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By Bernar&Mq@n and CharlesV. Bennett

SUNMARY

Testshave been ccmductedto aeterminethe low-speedstability,
damping-in-roll,and.stall.charactmristlcsof fivewings, three
wingswith 42° sweepbackand havhg aspectratiosof 5’.9,3, and
2, and two wingswith 33° sweepf orward and havingaspectratios
of 5.gsJ2d3. The results shavedmat theW.ngs of aspectratio
5.9 were longitudinallyunstableat the stallbut that reducing
the aspectratio tendedto eliminatethe instability.Sweepforward
produceda maximuuvalueof negativeeffective&tiedralapproxi-
matelyone-halfof the positivevalueproducedby eweepback. Over-
the linearrmge of the lift curvethe swept-forwardwingshad zero
directionalsta%ility,whereasthe swept-backwin.@had a marked
increasein directionalstabilitywith lift coefficient.The
dampingin rollme reducedwith reductim in aspectratio over
tie linearrenge of tie M.ft curve. Above the linearra@e of the
Mft curvethe a~md in roll.decrea5edwith increasinglift
coefficientfor the swept-backwings end increasedwith increasing
lift coefficientfor the swept-forwardwin.ss● Autorotationat the
stallwas obtainedonlywith the swept-backwing havingan aspect
rattoof 2.

IWIRODUCTION

An investigationto detemine the_low-speedstabilityend
control characteristicsof highlysweptwixkgplaq fo~ is being
conductedh the Langleyfree-21ighttwmel and in the Langley
15-fcot free-spinntigtunnel. Scme resultsof dsmping-in-roll
tests,fmce tests,free-flighttests,and tuft testsof these
wings are presentedin references1 and 2. In the presentpaper,
resultsare givenof expel%nentalIrmestigatimscmducteilto
determinethe low-speedsta%ility,demping-in-roll,and stall
characteristicsof fivewings, thzzeewingswith 42° sweepback md.
havin~aspectratiosof 5.9, 3, and 2, and twowingswith 38° sweep-
fommrd end havingaspectratiosof 5.9 ma 3.
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SYMBOLS

6apactratio

wi~g area,square

dynsmicpressure,

fee%

poundsper squarefoot

airspeed,feet ~ei- second

wing spsn,feet

mean aen?odynamicchor~measuredin planeparallelto plane
of symmetry ~ feet

taperratio,tip chorddividedby root chord

angleof eweepof the quartJe~-cho_rdline of tiewing, degrees
(positive,swmpback; negjative,sweepforward)

angleof attaclc,degrees ,

angleof aidesltp,degrees

angleof yaw, degrees;for forcetests,$ u -p

angleof roll,dogrces

rollingmcment,foot-pounds

p!.tchin~mommt, foot-pounds

yawtngmmaent,foot-pounds

()

Lift
lift coefficient~-

L)Drag
&vag coefficient‘-qs

-)

Pitchingmcment
pitchin~-mmentcoefficient

t qsr

Rollingmcment

( )
rolling-mmmntcoefficient—-——————

qsl)

*
.
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C1.1* yawing-mnentcoefficient

Cy lateral-forcecoefficient

3,

( )Yawing mcnent—.
qsll

( )Lateralforce

@ ,

0aczCz$ effective-dihedralparameter - ; rate of changeof
a13

rolling-momentcoefficientwith angle of sideslip,per degzzee

U%%$ directional-stabilitypararn+er’~ ; rate of changeof

yawing-momentcoefficientwith en@.e of sideslip,per degree

ua%%plateral-force parameter~ ; rate of changeof lateral-

forcecoefficientwith angleof sidesliy,per degree

p& helixanglegeneratedby wing ttp”tiroll.,vadisns
2T

oacjc~ dampzng-in-rollparameter
P

— ; rate of changeof ro3.Ling-
ig

momentcoefficientwith helixanglegeneratedby wing tip

APPARATUSAND TESTS ...—.

The gecmetriccharacteristicsof the five mdels used.in the
presenttestsare givenin figure1. “Threeof thewings had 42°
sweepbackand aspectratiosof 5.9, 3, and 2, end two of the wingS
had 380 sweepforwardand aspectratiosof 5s9 end3s ‘J!heSePhn
forms were obtainedby rotatingthe basicwing ofrqference1
(A=lO, A=2°, A = 0.5) about the O.’jO-root-chordpoint to We
desiredsweepangle of the quarter-chordline. Fm thewings of
aspectratio5.9 thewing tipswere modifiedso that theyremained
parallelto the root chordand so that the taperratio of’the
%asicwing was retained. The wings of loweraspectratio (3 and 2)
were obtainedby cuttingoff thewing tn tie ~laneparallelto the
root chordat the requiredspan. This decreasetn aspectratio
resultedin an increasein taperratiofor the wings of aspectratio
2 and 3. (Seefig. 1.) !Me airfoilsectionusedwas a RhodeSt.
Genese33 sectfm perpendicularto the O.50-chordline. This section
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was used in accordancewith free-flight-tunnelpracticeof using
airfoilsectionsthat obtainmaximumlift coefficientsin the
low-scaletestsapproximatelyequal.to the maximumlift coefficient
of a full-scalewing havinga conventionalairfoilsection.

The damping-in-rolland tuft testswere made in the Langley
15-foot free-spinningtunnel(reference3) on a spectalstandwhtch
couldbe free in roll aboutthewind axisfor dampingtestsor
couldbe lockedin rollfor tuft tests. Figure2 is a photograph
of the EJtandas set up for rotatim testsand fi~e 3 is a detailed
sketihof the standsetup. The damping-in-rolland tuft tests
were made at a ,dynamlcpressureof 2.8 poundsper squarefoot,which
correspondedto testRemolds nunibersof 2C9,000end 243,(MObased
on mean aerodynamicchordsd 0.68 feet and 0.79 feetfor thewings
of aspectratios5.9 and 2, respectively.

Foi~e teststo determinethe staticaerodynamicoharaoterl.stica
of the wingswere made cm theLangleyfree-flight-tunnelsix-
ccmponentbalance(reference4), whichrotatesin yaw with the
model so thatall forcesand momentsare measurmlwith respectto
the stabilityaxes. (Seefig. h.) Thesetestswere made over the
Lift-coefficientrangefor englmsof yaw of 0° and ~“ at a dynamic
‘pressureof 300 poundsper squarefoot,which correspondsto test
Reynoldsntmibersof 219,000emd 253,000for thewingshavingaspect
ratio~of 5.9 and 2, respectively.The lateralsta%ilitycharac-
teristicswere obtainedfrom the runsat anglesof yaw of ~~”.

Valuesof the damping-in-rollparameter Cl
P

and.tuft-test

Ertudieswere obtainedfor eachwing throughan angle-of-attackrange
which covereda lift-coefficientrangefrcznsmRllyosltivolift
coefficientsthroughmaximumlift coeffiolont.

I
.

I

I

The metiodof reference1 was used to determinethe deaq@g
in roll of thewings. Thismethodc0n8ist0aof stmdy-rotaticm
testion the roll stand(seefigs.2 and 3) and staticrolling-
mcmenttests. lb standand wing r,otatignwas ottamed by deflocttng
tho vane ( @ Dhwn in fig. 3). In stiadyrotaticm,tho forcing
mcmemtwas assumedto be equalto the dampingmomontand.of o~posito
sign. Zho dampin~in roll of the standand wing combinationand
of the standalonewore determinedby recordingtho rate of rotation
for severalvsne settings,both positiveand negative. In orderto
determinethe dempi~ of thewing alone,&o dampingof tho stsnd
was subtractedfrcm the dampingof the standedi W@ cablnatiun ,.
for any givenrate of ro*tion.

,
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msuixs AND mscussro~

ForceTests

.

.

Figures5 and 6 presentthe resultsof the forcetestsmade
to determinethe lift,-drag,and pitching-momentcharactxmistics
of thewings. The data of figure5,ind.icatethatreducingthe aspect .
ratioof the swept-forwardor swept-backwings resul+%d“hi‘“a
reductionin lif’t-curveslopein the’rangefrcm 10W lift coefficients
to moderatelift coefficientsas is the case for unsweptwings.
Thesedata also tndicatethat the swept-backwings reachedgreater
maximumliftsthan the swept-forwardwings.

The pitching-moment.data of figure5 indicatethatthe swept-
baclcand swept-fozwe,rdwingshavingan aspectratioof 5.9 are
unstableat the stall. The largeunstahlopitchin~mments of
theseWngs are causedby the loss in lift at thewing tips and
roct sectionsof the swept-backand swept-forwardwings,respectively.
Thesedata also indicatithatreducingthe aspectratio of either
&he swept-forwardor swept-backwings tendstcwardstabilityat the
stall. This trendis in agreementwith the resultspresontcdin
referaflce5.

me lateralstabilitych~acteristicsare presentedin figure6
in the fozm of plotsof the lateral-forceparameter CyP, the effec-

tive-dihedralparameter C2P, and the directional-stability

parameter %P againstangleof attackand lift coefficient.The

followingdiscussionof thesedata is ccncornedwith the linearQart
of tie lift curvestiess otherwisenoted. me data of figure6
indicatethatthe transitionfran 42° sweepbackto 38° sweepforward
had a markedeffecton Czp cnd C% but littleeffecton CyP.

Over the linearrange of the lift c&e the swept-forwardwingshad
zerodirccttonalstability (~ = O), whor’asthe swept-backwin@
had a definiteincreasein CWmctional stabi.litywtthlift coefficient
abovea lift coefficientof 0.3.

me data of figure6 show that tho swept-forwardwingshavo
negativeeffectivedihedral (positiveCZ~), whichboccmosslightly

more negativewith increasinglift coofftciont,and the swept-back
wingshave positiveeffectivedModral (negati~oCZP),which

increaseswith lift coefficient.Thasodata also indicatethat sweep-
forwardgives smalbr negativevaluesof effectivedihairalat any
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Uft cmfficiontend smallernegativepeak valuesthan tho
positivevaluesof effectivedihedralobtainedwith sweepback. TM
maximumvalueof CIP for the swept-formrdwings is approximately

one-halfof the maximumvalueof CZP for the swept-hackwings.

Over the greateryart of the lift curvereducingthe aspectratio
resultsin a more negativevalue of -c~p for the swept-backwings

and a smaller valueof C~p for tho swept-forwardwings at any

lift coefficient.The differencein the magnitudeof the effective
dihedralwith sweepback&n& sweepforwa.rdend the effectsof aspect
ratioon themagnitudeof the effectivedihedralare explainedin
part in reference 6. l)ata from reference6 showthatreducingthe
aspectratioof an unsweptwing havingan aspectratioof 6 increases
the e~fectivedihedralin a yositivedirecticmoWhen the data of
refe~ence6 are usedwith the data for sweptwings to obtain
incrementalvaluesof CZP, the chengein %p Per degreeof

sweepappearsto be approximatelythe seinefor swoepbackand sweep-
forward.

Damping-in-RollTests

The resultsof the dmuping-in-rolltestsare presentedin
figure7. Thesedata show that.the tkumping-in-roll~areaster Cl

P
decreasesat an increasingratewith lift coefficientfor the swept-
be,ckwings and increasesat an increasingrateWth lift coefficient
for the sweyt-forwardwingsup to a lift coefficientof 0.9. These
data also show thatup to a lift coefficientof 0.9, a reductionin
aspectratioresultsin a reductionin Cl . Over the linearrange

P
of each lift curvethe magnitudeof the changein CZp is approxi-

matelyproporticmalto the changein lift-curveslopet (Reference1
showsthat CZD is a directfu.ncticmof lift-curveslopema

spanwlsecente; of pressure). The slightvariaticmin CZP over

the linearrangeof the Mft curveIs probablythe resultof small
spanwiseshiftsin centerof pressure.

Autorot-ationat the stallwas obtainedorif.ywith the swept-
back wing havingan aspectratioof 2. ~le trend+yx$ardinstability
in roll (autorotation)of the Swept-backwingswlliha reductionin
aspectratiois attributedto themore abrupt--stallas the aspect
ratiois reduced,.(Seefig. 5.)

1

1
1

I
I



●

,

.

.

NACA TN No. 1286 “

Becauseof the higherdamp~ng
the presenttests indicatethat-at

7

in roll of swept-forwardwings,
moderateand high lift coefficients

more effectiveaileronswouldbe requiredon swep%fcmwardwings
thanwouldbe requiredon swept-backwings to producea givenhelix

angle ~. This problemmsy not be seriousbecauseit is expecte~
2V

that the flow changesthat make the dmping in roll greaterwill—
also increasethe aileron.efYectiveness.

Tuft

The resultsof tuft testson
in figure8. These data Indicate

Tests

the sweptiack wing~are presented
that reducingthe aspectratio

of the swe@4aclc wing frcm 5.9 to 3 and 2’did not alterthe general
flow patternthroughthe liftrangebelowthe stall. The reduction
in aspectratioresulted,however,in a’moreabruptstalland in
flow separationat the leadingedge .ofthe outboardregionof each
panelat the stall. In generalthe data of figure8 showthat for
the sweptwingsat the low lift cceffj.c~ents(up to a value of ~
of O.~) the air flow overthe upper surfaceof the wings 3.sin the
directionof tha wind streamas over a conventionalstraightwing.
At moderatelift coefficients(0.~to 0.5) the air flow showsthe
tendencyto move towardthe wingtips along the tra:lingedge of
the wing. As the lift coefficientis Increasedfurther,this out-
flow becomesmore pronouncedand affectschordw~.sestations
progressivelyfartherahead of the trailingedge. At maximumLift
and scmewhatbeyondmaximumlift,all the flow is outwardexceptat
the root section,and only slightflow separationis Indicatedalong
the wi~-tip leadingedge.

The data of fi~re 9 indicatethat for the sweyt-forwardwings
reductionin aspectratiohas very littleeffecton the general
flow patternthroughoutthe lift range. At law lift coefficients
(upto CL = 0.6) the air-flowpatternappearssimilarto the flew
patternover a conventionalstraightwing exceptthat a slight
tendencyto flow in towardthe root sectionis notedalo~ the

-.

trailingedge. As the lift coefficientincreases,the inflowalong
the trailingedgebecomesmore pronouncedand affects’chordwise
stationsfartherahead of the trailingedge of the wing. At the
sametime the root sectionshowssigqaof separationof the flow
at the trail.lngedge,which separationspreadsforwardand outward
with increasinglift coefficientup to the stall.
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CONCLUSIONS

.

.

The resultsof testsconhcted in the Langleyfree-flight
tunneland Langley1>.footfree-spinningtunnelto detemlne
the low-speedstability,damping-i~roll,and stallcharacteristics
of five highlysweptwi~s can be summarizedas follows:

1. The sweptwings of relativelyhigh aspectratio (5.9)
were longitudinallyunstableat the stall(nose-uppitchi~”moments).
Reducingthe as~ectratioof the swept-backor swept-forwardw@s
tendedto ellminatethis instability.

2. Sweepforwardproduceda maximumvalueof negativeeffective
dihedralapproximatelyone-halfof the niaxhmmvalueof positive
effectivedihedralproducedby aweepback.Over the llnearrange
of’the lift curvethe swept-fo~wardwiw=shad zerodirectional
stability;whereasthe stiept-%mckwingshad a markedincrease~n
directionalstabilitywith lift coefficientabovea lift coefficient
of O.J*’ &

3* The dampingin rollwas reduced.withreductionin aspect
ratio overthe linearrangeof the lift curve. Abovethe Enear
rangeof the lift curvethe damplilgin roll decreasedwith increasing

#

liftcoefficientfor the swept-baclcw~ngsand increasedwith increasing
lift coefficientfor the owept-forwardwings. Autorotationat the
stallwas obtainedonly with the sweptiack wing havingan aspect
ratioof 2,

LangleyMemorialAeronauticalLaboratory
NationalAdvisuryCcmmitteefor J.eronautics

LangleyField,Vs., November13, 1946,



NACATN No. 1.286 9

1. Bennett,CharlesV., and Johnson,JosephL.: Experimental
Determinationof the Dampingin Roll.and AiIemn Rolltng
Effactivenessof ThreeWingsHating2°, &o, and 62°
Sweepback. NACA TN No. 1278,1946.

2. Maggin,Bernard,and3ernett,CharlesV.: Fl@t Tests of a
AirplaneModelwith a &2° Swept-BackWing in the Le@.ey Free-
FlightTunnel. NACA ‘INNo. u87j 1946● ,

3. Zhmerman, C. H.: PreliminaryTestsin the N.A.C.A,Free-
SpinningWind Tunnel. NACARep. No. 557, 1936.

4. Shortal,JosephA., and Dra~er,JohnW.: Free-Fli@t-Tunnel
Investigationof theEffectof theFuselageLen@h and the ,
AspectRatio and Size of We VerticalTail cm LateralStability
em.dcontrol● NACA APR No. 31)17,1943.

5. sho~tal,JosephA., anklhggin,Bezmard: Effect of Sweepback
and AspectRatio on LongitudinalStakilitycharacteristics
of Wings at Low Speeds. NACA ~~0. 1093,1946.

6. Zimmennsn,C. H.: Characteristicsof ClarkYAirfoils of Small
AspectRatios. NACA Rep. No. 431, 1932.



NACA TN No. 1286 Fig.1

T
5.23

-L

.

L 18.t32”—

g =4:0

S “/.23sg ft
A:0.793

—

459“

,
NATIONAL ADVISORY

COMMITTEE FoR AERONAUIKS-

Fqure /. - 5kefcb of w?g plan form tested All
NJ/79S constructed with u @bode 5t Genese
33 cvrfollaect~on perpendlcula r to the
O.50-choro’ line.



.
,

. .

Figure 2.- Rollstandwithmodel ofswept-ba& wing attached,mounted

inLangley15-footfree-spix t~L
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Fig.3
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Figure 3.- Roll bracket used to determtie damp@ in roU.
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Figure 8.- Tuft studies of swept-back wings tested.
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Figure 8.- Continued.
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